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Abstract
Background and Aims-It is hypothesised that nutrients increase pancreatic enzyme secretion by converting cyclical interdigestive secretion to a non-cyclical pattern. This study tested the hypotheses that nutrients do not interrupt cycles and determined the relation of nutrients, calories, and osmotic load to the rate of pancreatic secretion. Methods-Twenty six healthy persons were intubated with oroduodenal and orogastric tubes. Each had one of four different solutions containing 12 to 36% of calories as protein, 24 Experimental design and infusates Each subject was studied once and during the study received a randomly assigned nutrient infusate (Table I) . Each nutrient infusate was tested in two or three persons (Table II) Experimental procedure On the evening before the study the subjects were admitted to the Clinical Research Center. After eating a standard meal at 6 00 pm, the subjects fasted until the next day when they were intubated with orogastric and an oroduodenal tubes. After verification of tube position by fluoroscopy, saline (154 mM) was infused into the duodenum at a rate of 3.75 ml/min for 45 to 75 minutes. The saline infusion was then replaced by a nutrient infusion, which was infused at the same rate and continued for 300 minutes. The infusion site was in the descending part of the duodenum and the aspiration site 20 cm distal. All infusates contained the non-absorbable marker 14C PEG (10 puCi-1) so that flow rates could be calculated.2' 22 After beginning the nutrient infusion, 5 ml duodenal samples were obtained during each 15 minute interval. In 12 randomly selected subjects, saline was infused for 75 minutes before beginning the nutrient infusion. In these subjects, duodenal aspirates were taken during the last 30 minutes of infusion to determine the rate of prestimulatory pancreatic secretion.
Trypsin and chymotrypsin concentrations in the duodenal samples were determined by automatic titration using TAME (tosyl-Lmethyl ester) and ATEE (N-acetyl-L-tryosine ethyl ester) as substrates, respectively, and expressed as units (,uEq of hydrogen ions _o Inl n a n trypsin, and trypsin were significantly associated with the caloric load infused (r=0A44, p<0'03, r=0-44, p<0'03, and r=0.32, p<0'05, respectively).
Number of enzyme peaks Cycles of pancreatic enzyme output were present during infusion of 40, 90, and 160 kcal/h. Three to five enzyme peaks occurred during nutrient infusions and the number of peaks did not differ among the infusates tested (Table II) . As all subjects had at least three enzyme peaks, subsequent analyses focuses on the first three cycles. Enzyme output of amylase (Fig 2) (r=0.55, p<0003). -30 Minutes before and after the peak 
Effect ofproportions of nutrients on cycles
The proportion of the nutrients in the infusates did not affect the secretion of amylase, chymotrypsin or trypsin outputs (data not shown). total postprandial enzyme outputs rather than shorter time periods were analysed and averfect of osmolality aged across subjects thus eliminating detection smolality did not affect cycling (Fig 5) but of peaks of enzyme secretion. However, it is ere was a significant (p<0.001) inverse rela-possible that eating or infusing a meal into the )n between enzyme output and osmolality. stomach may convert pancreatic enzyme )r example, chymotrypsin, and trypsin secretion to a fed pattern by activating the ltputs (mean (SEM)) were 92 (10) and 80 gastropancreatic reflex secondary to gastric I) U/kg bw/min, respectively, with sodium distension,31 32 It is widespread clinical practice to treat patients in the recovery phase after acute pancreatitis with specific diets containing low proportions of fat and protein. This study of the acute effects of nutrients on enzyme secretion does not negate this rationale but emphasises that total calories are also important in the treatment of such patients.
In summary, we show that infusing increasing amounts of calories into the duodenum increases pancreatic enzyme secretion by raising the nadir of the cycles, but peaks of enzyme secretion continue. Thus, cyclical pancreatic secretion is a feature of both interdigestive and prandial states. 
